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INTRODUCTION
In spite of the early suggestion by Langley & Anderson (1895b , 1896 that some of the sympathetic nerve fibres to the pelvic viscera form synapses in ganglia near the effector organs, the generally accepted opinion has long been that the hypogastric nerves innervate the accessory male genital organs by postganglionic fibres which arise in the inferior mesenteric ganglia. How¬ ever, the motor response of the vas deferens to hypogastric nerve stimulation has been shown to be inhibited by ganglionic blocking agents (Sjöstrand, Ch. Owman and N.-O. Sjbberg 1962a) and sectioning of the hypogastric nerves does not overtly reduce the noradrenaline content of the internal male genital organs (Sjöstrand, 1962b) , confirming the existence of a peripheral relay. Fluorescence (Falck, Owman & Sjöstrand, 1965; Sjöstrand, 1965;  Baumgarten, Falck, Holstein, Owman & Owman, 1968) . Such 'short' adrenergic neurons have also been found to innervate the smooth musculature in the trigonum area of the urinary bladder (Hamberger & Norberg, 1965a, b) and the urethra (Owman, Owman & Sjöberg, 1971) . Semans & Langworthy (1938) have shown that the emission of the seminal fluid, i.e. its transport into the pelvic urethra, is controlled by the hypogastric nerves, whereas ejaculation, i.e. the discharge of seminal fluid from the urethra through the external urethral meatus, is mainly effected by the parasympathetic internal pudendal nerve. Since the systems of short adrenergic neurons innervate not only the male internal genital organs but also the urethra and trigonum, it can be assumed that these neurons are directly involved in the emission mechanism, and that they are affected in certain conditions of sterility resulting from seminal reflux into the urinary bladder (Goligher, 1951; Hotchkiss, Pinto & Kleegman, 1955; Walters & Kaufman, 1959; Schellen, 1960; Rieser, 1961; Gennser, Owman, Owman & Wehlin, 1969) . These possibilities have been the subject of the present experimental study on rats and guinea-pigs.
MATERIALS AND METHODS
Rats, guinea-pigs and tissues from human subjects were used in the following studies.
Rat experiments
Sixty-three male and sixty female Sprague-Dawley rats, of about 250 g body weight, were allowed free access to a standard pellet diet (SAN-bolagen, Sweden) and tap water.
(1) Five of the male rats were subjected to hypogastric denervation under ether anaesthesia. The abdomen was opened through a midline incision, about 15 mm of each hypogastric nerve was removed and the incision was closed. The animals were killed by decapitation 1 week later. Five intact animals served as controls. The trigonum area of the bladder together with its neck and the proximal part of the urethra was removed in one piece from the level of the ureteric ostia down to the colliculus seminalis. The preparation was frozen to the temperature of liquid nitrogen, freeze-dried, and treated with formalde¬ hyde gas for the histochemical demonstration of adrenergic nerves (Falck, 1962; Falck, Hillarp, Thieme & Torp, 1962; Corrodi & Jonsson, 1967 ; for further methodological details, see 
Guinea-pig experiments
A total of twenty-two male guinea-pigs weighing approximately 400 g were used. The animals were allowed unrestricted access to standard pellets (SANbolagen, Sweden), turnips and tap water.
(1) In eight animals, about 35 mm of both hypogastric nerves were resected according to the operation procedure described for the rats. Eight intact animals served as controls. The lower part of the urinary bladder including the proximal portion of the urethra, i.e. the same region as described for the rat, was dissec¬ ted out for chemical determination of noradrenaline (see above). One piece of tissue was used for each determination.
(2) Three animals were anaesthetized with nembutal (30 mg/kg intraperitoneally) supplemented with ether when necessary. The abdomen was opened by a midline incision and the hypogastric nerves were carefully freed. The nerves were hooked on a bipolar, insulated platinum electrode and covered with the abdominal viscera to prevent drying. Each vas deferens was exposed, and 0-02 ml India ink was deposited through a fine cannula in the lumen on each side of its most distal part. During stimulation of the nerves (50 V, dura¬ tion 2 msec, frequency 15/sec), the transport of the India ink in a proximal direction was noted through the translucent wall of the vas deferens.
(3) Another three animals were subjected to laparotomy under ether anaesthesia, and 0-02 ml India ink was deposited in the most distal part of each vas deferens as above. The abdominal incision was closed and the animal allowed to recover. Three days later, the vasa deferentia were again exposed for inspection of the position of the India ink deposit through their translucent wall. Fig. 3 ). The nerves ran in intimate relation to the muscle fibres, preferably parallel to the underlying mucosa. The density of adrenergic muscular innervation was also high more caudally, i.e. in the most proximal portion of the urethra, where the nerve terminals had the same arrangement as in the adjacent trigonum area. More distally in the urethra, at the level ofthe colliculus seminalis, the number of green-fluorescent nerves in the smooth musculature remained essentially unchanged (PI. 2, Fig. 4 Fig. 6 ). In addition, some of the preparations contained groups of characteristic ganglion cells exhibiting a green formaldehyde-induced fluorescence ofmoderate intensity in their cytoplasm (PI. 2, Fig. 6 ). The fluorescence could sometimes be seen to extend for a short distance into the most proximal part of the axon. Small, intensely green-fluorescent cells with one or more short processes were usually observed in small clusters adjacent to the adrenergic ganglion cells. DISCUSSION Langley & Anderson (1895a) demonstrated that the motor response of the vas deferens and the seminal vesicles in cats and rabbits is transmitted along a pathway running from the lumbar sympathetic outflow, through the inferior mesenteric ganglion and hypogastric nerves. In conformity with these findings, Semans & Langworthy (1938) showed that the emission of seminal fluid is controlled by the hypogastric nerves. It has long been known (Remy, 1886) that transection of the hypogastric nerves results in sterility in the male guineapig. These findings were confirmed by Simeone (1933) . A similar effect was obtained in rabbits after bilateral lumbar sympathectomy (Bacq, 1931) . In humans, Learmonth (1931) systematically stimulated the individual roots of the presacrai (hypogastric) nerve, and confirmed the sympathetic origin of the innervation to the male accessory genital apparatus, including the posterior urethra and the bladder neck. From denervation studies on rabbits, Hodson (1964 Hodson ( , 1965 (Falck, Owman & Sjöstrand, 1965; and close to the proximal part of the urethra (Owman, Owman & Sjöberg, 1971) . The findings indicate that the region of the bladder neck in guinea-pigs and rats receives its postganglionic adrenergic innervation mainly, if not entirely, from short adrenergic neurons rather than from the hypogastric nerves. The organization appears to be somewhat different in the cat (Hamberger & Norberg, 1965a, b) , in which the hypogastric nerves carry a significant portion of postganglionic nerves to the bladder trigonum which, in addition, contains intramural adrenergic ganglion cells. (Remy, 1886; Bacq, 1931; Simeone, 1933; Hodson, 1964 Hodson, , 1965 fluid reflux into the bladder usually observe seminal contamination of the urine only after coitus. However, it is possible that the persistent post-denervation reflux is small and therefore escapes detection whereas contraction of surrounding pelvic musculature during coitus promotes the passive transport in the internal genital organs, followed by a more voluminous reflux.
